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0 bnprovemants In optical head apparatus* 



<§) An optrcal head apparatus comprises a laser light source (4) emitting linearly polarized light and an optical 
system Including a diffraction grating (3) and a beam splitter (4) for transferring light from the source to a 
recording medium (12) and for transferring light from the recording medium (12} to a detector (I9}. A converging 
iens (iO) serves to converge a colfimated light onto the tracks (13) on the recording medium (12). The converging 
lens <I0) is fbnned by moulding and techniques are adopted to minimize astigmatism. 

FIG. I 
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IMPROVEMENTS iN OPTICAL HEAD APPARATUS 



FtELD OF THE INVENTION 

The present Invention relates to optical head apparatus for writfng data onto and reacfing data from a 
recording mediunn. 



BACKGROUND OF THE INVENTION 

Apparatus and components of the type wim which the Invention is concerned are described, for 
example, in the following publications: 

(a) Japanese Patent Publication No 102342/1983 

(b) "Modem Optical Engineering", McGraw-Hill, N.Y. 1966 

(c) Technique for Designing a Lens", pp. 35-36 Kogaku Kogyo GUutsu Kyokai, Japan 

(d) "Optics-, p. 156, Wiley. New York 

(e) "The Present Status of Plastics Lens", Harada, Journal of the Institute of Television Engineers of 
Japan, Vol. 38, No, 9 (1984). pp. 810-814 

(f) Japanese Patent Publication No 50335/1982. 

In addition apparatus depicted in Fig. 3, and described hereinafter, is known. 

In recent years. Injection moulded plastics lenses have been used as a converging lens in optical head 
apparatus as the precision in moulding techniques advances. Such lenses can be formed to have aspheric 
surfaces. If the moulding die is machined by precision NC (numerical controlled) machines. This is in 
contrast to conventional glass lenses which usually have to be polished IndividuaDy Bnd which therefore are 
generally restricted to spherical surfaces. It has therefore been possible to replace a conventional 
combination of three to five spherical glass lenses by a single aspherlcel moulded tens. 

Because the converging lens of optical head apparatus can be fabricated as a single lens by moulding 
In mass production, the cost of the optical head apparatus Is reduced ind Its assembly Is simplified so ftat 
the moulded plastics lenses will be increasingly used in the future. 

A serious disadvantage associated with a moulded lens is the lack of uniformity in the aben-ation 
characteristics. Other problems are also encountered in the known optical head apparatus as discussed 
hereinafter. 



SUMiy/IARY OF THE INVENTION 

An object of the invention Is to provide an improved optical head apparatus having a converging lens 
formed by moulding. 

In Its broadest aspect, the Invention provides Improvements In an optJcal head apparatus utilizing a 
converging lens formed by moulding which involves adjustment, setting or controlling the position of the 
injection gate of the lens or its position in situ with respect to the direction of Dnear polarization of a laser 
beam such that the astigmatism of the overall converging system from the associated light source to a 
reconiing medium Is minimized. As a result, ttie writing/reproducing performance of the optical head 
apparatus is enhanced. 

According to the invention: and as Is known per se. an optical head apparatus comprises: 
a light source for emftfing a laser beam with llneaiiy polarized light 

an optical lens or lens system for converging a light pencil derived from the laser light source onto 
Information recording tracks on a recording medium, and 

an optical system Including a beam splitter for separating light reflected from the recording medium from 
the light emitted by the light source. In accordance witti the invention, the converging lens or lens system at 
least includes a lens fomned by moulding, and the position of the moulded lens about the optical axis of the 
converging lens is adjusted to minimize astigmatism. 
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fn some cases, the lens may be set to bring tts moulding gate into a position coinddent witti or parallel 
to the direction of polarization of the light or to a position where minimal overall astigmatism occurs. In a 
preferred emt)odim^it the moulded lens is so orientated that its astigmatism tends to cancel out 
astigmatism due to other factors. By minimising astigmatism the Invention enables the apparatus to perform 
s at the ideal diffraction limit to optimize the reading and writing of data. 



BRIEF DESCRIPTION OF THE DRAWINGS 

70 The invention may be understood more readily, and various other features and aspects of the Invention 
may become apparent from consideration of the following description in conjunction witii the accompanying 
drawings, wherein:- 

Flg. f is a diagram showing an optical head apparatus constructed in accordance with the invention; 
Rg. 2 is a diagram showing how converging lenses used in apparatuses are set up according to the 
Yd invention; 

Rg. 3 is a diagram showing a conventional optical head apparatus; 

Fig. 4 Is a graphic representation of data obteined by experiments on the variation in the astigmatism 
with rotation of a moulded lens; 

Rg. 5 is a diagram showing how the astigmatism Is produced by a parallel plane plate; 
20 Rg. 6 Is a diagram showing how the astigmatism due to Image height is produced; 

Rg. 7 is a diagram showing a semiconductor laser and explaining the astigmatism of such a 
semiconductor laser; 

Rg. 8 is a diagram showing the relationship between the astigmatic difference and astigmatism; 

Rg. 9 is a diagram showing the relationship t>etween the direction of a recording track, the direction 

25 of the polarization of the light, and the direction of the gate; 

Rg. 10 is a diagram showing anotiier converging optical system in accordance with the invention. 
Rg. 3 depicts a known form of optical head apparatus in which a light source such as a semiconductor 
laser 40 emits a light beam 2 which is linearly polarized in a direction parallel to its PN junction. A 
diffraction grating 3 spOts the original light t>eam 2 into three further beams 5. A beam splitter in the form of 

30 a semltransparerrt mirror or half prism 4 directs the beams 5 into further components of ttie optical system 
and separates the Illuminating light k>e*ams 5 from corresponding retro-reflected light t^eams 6. A collimator 
lens 7 converts tine illuminatino light tDeams 5 emerging from the beam splitter 4 Into parallel fight pencil 
beams 8 which are re-directed by a reflection prism 9 as beams II substantially at right angles to the beams 
5. A converging lens 10 converges the parallel or pencil light t>eams 11 onto an Information track 13 of a disk- 

05 shaped rotatably driven recording medium or carrier 12 to form corresponding light spots 14a, I4b. 14c as 
shown at c) in Rg, 3. For this to be achieved, the recording medium 12 is posftioned at or close to the focai 
point of the converging lens 10. The pre-recorded information track 13 ccKisists of pits 15 and lands 16 and 
the light beam II reflected by the recording medium 12 pass back through the converging lens 10, are re* 
directed by the prism 9 through the collimator lens 7 and are reflected by the half prism 4 sul^stantlally at 

40 right angles to tiie t)eams 2, 5 as reflected light beams 6. A concave lens 17 reduces the angle of 
convergence of the reflected light t>eams 6 and a cylindrical concave lens 18 causes astigmatism In the light 
beams 6 passed through the concave lens 17. Ught detecting means 19 which comprises photo-electric 
detecting elements 19a to I9c receives the reflected light beams 6. 

The central detector )9a receives the light beam reflected from the light spot t4a. and converts the 

45 received light into an electrical signal proportional to tiie intensity of tiie iight. The Intensity of the reflected 
Gght Itself varies depending on whether the Gght spot t4a Is reflected by a pit 15 or a land 18 on the 
recording track 13. The electrical signal is used to reproduce an audio signal, a video signal, digital data, or 
the like. 

As the recording medium 12 rotates, the surface of the recording medium 12 may vary in position in the 
50 direction of optical axis of the object lens 10 because of uneveness, undulation, vibration and the like. 
Deviation in the direction of the optical axis from the focal point is detected in a known manner (literature • 
(a)) In accordance with the variation in the shape of the light beam received t>y ttie central photodetector 
element 19a, and is corrected by a servo mechanism, not shown, so that the surface of the recording 
medium 12 is kept at the focai point 
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Tti© rotation of the recording medium 12 also causes relative deviation in the lateral sense between the 
antral beam creating the spot 14a and the track 13. due to meandering of track 13 and vibration. To correct 
the error In the lateral direction, the difference between tha outputs of the photodetectors IBb and 19c 
corresponding to the outer beams creating the spots 14b. 14c is detected and used as a representation of 
the deviation between the track 13 and the spot 14a and correction Is made in accordance with the detected 
deviation (see the literature (a) mentioned above). "t,ieci«j 

To maximize the density of Infbrmation stored on th© recording medium In such an apparatus the 
length of the pits 15 and the track phch are made as small as possible to allow reading when the opUcai 
system from the semiconductor laser to the converging lens 10 is In the ideal state of the dWraction Bmlt 
Typically, when the laser wavelength X«780 nm. and the numerical apertures (NA) of the converging lens 
10 IS NA=0.5. then the spot diameter obtained by converging at the diffractton limit Is about xmA»l8 
miCTons. The track pitch is therefore 1.6 microns, while the minimum pit length Is 0.8 microns, half the 
mirnmum spot diameter. 

^^^In order ibr the converging system to have the characteristic of the ideal diffraction Bmlt. it is required 

(1) the light emitted from the semiconductor luer 40 should be conducted at or close to the state of 
stigmatism thnsughout the entire light path passing the converging lens 10 up to the spot W, and 

(2) the semiconductor laser 40 itself does not Hself have any abenation 

...o^* previously it is desirable to fabricate the converging lens 10 as a single moulded. U. 

piaaics. tens and Rg, I depicts an optical head apparatus constructed in accoKlance with the invention 
Which uses such a lens. In Fig. 1. the same components and parts have the same reference numerals as 
riQ. 3. 

i« ftlH* ^^f?'?.**'!!!' P"""***^ »»y *« "se of a moulded plastics converging lens 10 will now be discussed 
detail with reference to Rg. 4 which shows measurements of astigmatism in a situation where a 
linearly polanzed parallel light beam II passes through the lens 10 formed by injection moulding, and is 
^Zta^ T P'^'« "•^tenal used is PMMA. The lens 10 has a gate 100 tivough which the 

^ '"^'^ *® moulding die during the injection moulding process. The angle 

subtended between the line G connecting the gate 100 and the center of the lens 10 and the direction E of 
Ho„i-«^ r «9« denoted by «. In Rg. 4a. the vertical axis represents a standard 

JavSe^th x^JfT^??' "^^fJ^.^. "^^^ *^ astigmatism, expressed In terms of the 
wavelength X of the light beam and the honzontal axis represents the angle e. The measurement W« was 
made using a Rzeau's interferometer which is common in ihe measurement of the astigmab'sm of ootlcal 
components. ^t***^^ 

^J*"" ^' ^ ^^"^^ 0.0!/Xnns) when the direction of the poiariration 

f u ® 3®** coincide with each other. I.e.. when o is 0' and ISO" while W*. Is laroest - 

S«f Tty^^^^ °^ '^^ polarization and the direction of the gate are at right ^gles 

witheach other. The same measurements were conducted on 10 wortcpieces and the results similar to that 
°^"r^' '^'^'"0 to ^ "terature (e). it Is Infen-ed that a moulded plastics lens 10 exhibits 
iSSSaSte^ "^""^ '^"^"'^ '* cause of the variation In the 

The conventional apparatus of Rg. 3 is also associated with aberration due to three factors. Rrst the 
surfaces of the parallel plane optical components such as the diffraction grating 3 and the half pris^ 4 
through which the light beams are transmitted are inclined and not nomial with respect to the optical axis of 
J^ y^^^""™- P"^"* of "9ht emission of the semiconductor laser is off the optical 

-J) r"^*°^ ^ '^'9'^ generated so that astigmatism is generated in the 

Sh-Lmrf^m ^ ^ ^ eemlconditor laser S> ItaS? «ihiwS 

These phenomena will be described in further detail. 



<l) Indlnatlon of the diflraction grating 3 andtor the half prism 4. 

The light beam 2 emitted from the semteonductor laser Is divergent when It passes through the 
components 3. 4. Assume that as shown, in f=lg. 5. a parallel plane glass 30 (numerical aperture NA=sin 
u) >s d sposed in an optical path of a converging light beam, with the parallel plane glass 30 being inclined 
Si? *'»f'/esP«* to the optical axis 31. The astigmatic different (astigmafem) which results fn STa 
situation Is given by the following equation 0). according to the literature Oj). 
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in the above equatfon, It' represents the distance to the point of convergence in the surface (meridiOTal 
surface) containing tha nomnal to the parailel planes of the glass plate 30 and the optical axis, and Is' 
represents the distance to the point of convergence in the surface (sagittaJ surface) normal thereto. 

If. in Rg. 3, shov/ing the conventional system, the diffraction grating 3 or the half prism 4, which is a 
parallel plane part, is inclined, an astigmatism In accordance with the equation (I) is produced. For instance, 
if a diffraction grating with a refraction Index N = L5 and f = LSrrun. or a half prism with fa 5mm is inclined 
by 1^". the resuttant astigmatio difference will be 0J7 microns or 0.17 microns or 0.56 microns, respectively. 



(il) Image height due to misalignment of the semiconductor laser. 

Generally, when the object (which is the point of light emission of the semiconductor laser) Is off the 
optical axis, and an Image height exists, then astigmatism Is produced. Rg. 6 shows results of calculation of 
production of an astigmatism according to literature (c). As shown in the right side of the representation, 
with increas'mg image height the point of focusing by the meridional rays and the point of focusing by the 
sagittal rays are separated from each other and the astigmatism is increased. 

As an example, there Is a collimator lens for use in an optical head apparatus, which produces. an 
astigmatism of 10 microns for the image height corresponding to the incident angle of I*, and there is an 
object lens for use In an optical head appparatus. which produces an astigmatism of 5 microns for the 
image height corresponding to the incident angle of 1*. 



(il) Astigmatism of the semiconductor laser. 

The area of the point of light emission of a semiconductor laser Is about 2 microns ' 0.1 microns, and 
can be generally regarded as a point 

Fig. 7 shows an example of a double hetero-junction semiconductor laser. As shown in Rg. 7 at <a) and 
(b), the beam waist of the light beam or pencil emftted from the semiconductor laser chip 40 may have 
different dimensions: the value within the plane (x-y plane) of the junction of tte semiconductor and the 
value within the plane (x-z plane) normal thereto may differ. Especially with gain guiding type semiconduc- 
tor laser, such a difference is large. Within the normal plane (x-y plane), the point A wilWn the mirror 
surface 41 fonms a mode waist, whereas within the Junction plane (x-y plane) the point B In the active layer 
42 of the semiconductor laser chip 40. Le.. at the back of the mirror surface 41 forms a mode waist This 
difference causes astigmatism. There are certain semiconductor laser cNps of the gain guiding type with 
which the difference may be as large as about 25 microns. 

As a criterion for a permissible limit for an optical system accepted as a diffraction limit optical lens, the 
Marechal's criterion has been used. According to this criterion, the RMS value (Wrms) of the wavefront 
aberration must be not greater than 0.07 X: Wrm S 0.07 x (where X represents the wavelength of the light). 

The relationship between the astigmatic differences discussed above in connection with three types of 
phenomena and the wavefront deviation win be described with reference to Rg. 8. 

In Rg. 8. E represents tiie exit pupil of radius a. The coordinates of the pupil is expressed by (x,y). The 
x-direction lateral atienration x' at the sagittal Image surface Ps Is related to the wavefront aben'ation W as 
follows: 
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Combining the equations (2) and (3). x' can be eliminated, and the wavefront aberration W can be oiven hv 
the following equat«n (4). if n' is assumed to be I (unity) assuming that surroundiTmeli,! te 



W 



A ... (4) 



so 



■nie equatfon (4) represents the astigmatism coefficient in the Seldel's form. If the value of th« «m.««on 
, which Is the best convergence point the following equation (5) Is obtained. « «roie of confusion 

1 

Wras — - N a 2.A ... (S) 

» 4 V 6 

"^"^l*! ,f • ''"^ '«P^««®"*'n9 ^ radius of the exit pupil as illustrated in Rg. 8 
P«»*«W. I«lgm«lc c««."nce toT^^ToT xt^SB/ 

converging lens JO is not considerably IndiSd li^re rj^ 2^^^^^^ 
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astigmatism is not more than about 0.01 Xrms in the case of tiw (ens shown in Fig. 4), the direction of the 
gate and the direction of the linear polarization of the Eght emrtted from the semiconductor laser ts made to 
coincide with each other to produce minimal astigmatism. This Is illustrated in Fig. 2a, in which the arrow E 
denotes the direction of the polarization and the arrow G denotes ttie direction of the gate 100. 

5 In practice^ the optimum angle for minimizing the astigmatism of the overall converging system is about 
0" or atK>ut 180^ and B may be adjusted (In the pronm'rty of 0"* or 180*) to the exact optimum value. 

Now, let us consider a different situation in which the astigmatism due to the phenomena (i). (H) and < 
(Sq or the image height of the converging Sens 10 is large, that Is when the astigmatism is larger than the 
astigmatic which results when the directions E and G are In parallel with each other O-o., the angle 6 in 

10 Rg. 4 is 0** or 180"). In this case, the angle B between the directions E and G is varied or adjusted to have 
such a value that the astigmatism which is due to the internal strain of the converging lens and whic^ Is 
produced at the time of entry of the linearly polarized light and the astigmatism due to tiie other factors 
cancel each other or at least minimize the astigmatism of the entire converging system. 

In the discussion above, no mention has yet been made to the relationship or relative position between * 

f6 the direction E of the polarization and the direction of extension of the data track. However, as was 
disclosed in the literature {f), an optical head ^^^paratus with better reproduction characteristics can be 
obtained if the direction E of tiie linear polarization (which directlm Is parallel to the junction surface 42 In 
the case of a semiconductor laser 40) is at right angles to tiie direction of the trade 13. This is because the 
angle of the light amission is greater in the direction normal to the junction surface than in the direction 

20 parallel to the junction surface. 

TTiis is applied to the optical head apparatus constructed In accordance with the invention, as depicted 
In Rg. 9 which shows the relationship between the directions £ and G and tfie direction of the tracic 13. 
Where the direction E of the polarization is set at right angles to the direction of the track 13. and where the 
astigmatism other than that due to the Internal strain of the object (converging) lens Is small (typically not 

2S more than O.Oi Xrms as in the embodiment descrii^), the best convergence characteristic is obtained if the 
direction Q of the gate is set parallel with the direction E, as shown in Rg. 9(a). Where the astigmatism Is 
larger, ttie best convergence characteristic is obtained if the angle B between the directions E and G is so 
adjusted !hat the astigmatism of the overall converging system is minimized. 

In the discussion obove, the converging lens 10 is assumed to be of an infinite conjugate type (parallel 

30 Incidence type) but the invention is applicable where the lens 10 is a finite conjugate type Is used to directly 
receive and converge the light emitted from the semiconductor laser 40. as illustrated In Rg. 10. 

Although the invention is concerned with moulded lenses formed from plastics the Invention can be 
realized with moulded glass lenses. Precision pressing techniques for glass have advanced in recent years, 
and glass converglrsg lenses for use in optical head apparatus have been proposed. It Is known that these 

39 lenses have double refraction due to intemal residual stress, although perh^s to a different degree. With 
these p»'ess*formed glass moulded lenses, the angle of rotation about the optical axis of the lens may also 
be adjusted to minimize the astigmatism of the overal converging system with plastics lenses. ^ 



40 Claims 

I An optical head apparatus comprising: 
a light source (40) for emitting a laser beam with linearly polarized light, 
. an optical lens or lens system (10) fbr converging a light beam derived from ttie light source onto a 
46 recording medium (12), and 

an optical system Including a beam splitter (4) for separating light reflected from the recording medium (14) 
from light emitted by the light source (40); 
characterized in that 

the converging lens or lens system at least Includes a lens (10) formed by moulding, and the position of the 
50 moulded lens (10) about the optical axis of the converging lens is adjusted to minimize astigmatism. 

2. An apparatua according to claim I; wherein the moulded lens (10) is made from an injection moulded 
plastics and has a gate (100) and the adjustment of the lens position caused ttie gate to be In a position 
sut)stantially coincident with tiie direction of the polarization of tiie light source. 

3. An apparatus according to claim I. wherein tiie moulded lens (10) Is made from an Injection moulded 
55 plastics and the position of the gate (100) at the time of moukjlng the lens is set so that ttie astigmatism of 

the iens will tend to cancel astigmatism due to other factors. 

4. An apparatus according to claim 2 or 3. wherein the mouUed lens Is made from PMMA. 



7 



0 226 403 



5. An apparatus according to claim 2, 3 or 4. wherein the moulded lens \s a non-spherical lens of the 
infintte conjugate type. 

6. An apparatus according to claim 2, 3 or 4, wherein the moulded lens is a non-spherical lens of the 
finite conjugate type. 

7. An apparatus according to any one of claims I to 6, wherein the fight source Is a semiconductor laser. 

8. An apparatus according to any one of cJaims I to 7, wherein the direction of the polarization of the 
laser beam from the iight source is suiDStantiaily peipendicular to tracks fl3) on the recording medium. 

9. An apparatus according to claim I, wherein the moulded lens is formed from glass. 
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FIG. I 
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FIG. 7 
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FIG. 9 
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